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DEVICE AND METHOD FOR PRODUCING 
THREE-DIMIENSIONAL MODELS 

CLAIM OF PRIORITY 

This application is a national phase filing under 35 USC 
S371 from PCT Application serial number PCT/DE2011/ 
0.00343 filed on Mar. 29, 2011 published as WO02011/ 
124204. This application further claims priority from 
102010013732.4 filed on Mar. 31, 2010 both incorporated 
herein by reference. 

The invention relates to a device for manufacturing three 
dimensional models by a 3D printing method as expressed in 
the generic concept of patent claim 1 and a method for manu 
facturing three-dimensional models by a 3D printing method 
according to patent claim 8. 
A method for producing three-dimensional objects from 

computer data is described in the European patent specifica 
tion HP 0431924 B1. In this method, a particulate material is 
deposited in a thin layer onto a platform which, if needed, is 
surrounded by a chamber and then a binder material is selec 
tively printed on the particulate material using a print head 
according to computer data. The particle area onto which the 
binder is printed sticks together and solidifies under the influ 
ence of the binder and, if necessary, an additional hardener. 
The platform is then lowered by a distance of one layer 
thickness into a build cylinder and provided with a new layer 
of particulate material, which is also printed as described 
above. These steps are repeated until a certain, desired height 
of the object is achieved. A three-dimensional object is 
thereby produced from the printed and solidified areas. 

The object produced from the solidified particulate mate 
rial is embedded in loose particulate material as described 
above and such is subsequently removed therefrom. This is 
done, for example, using an extractor. This leaves the desired 
objects, from which the remaining powder is removed, e.g. by 
brushing. 

Other powder-supported rapid prototyping processes work 
in a similar manner, for example, selective laser sintering or 
electronbeam sintering, in which a loose particulate material 
is also deposited in layers and selectively solidified with the 
aid of a controlled physical radiation source. 

All these methods are referred to collectively below as 
“three-dimensional printing methods” or "3D printing meth 
ods’. 

It is known from the prior art of DE 102 24981 B4 of 
another 3D printing method particularly for building casting 
patterns. In this method, a particulate material, e.g. quartz 
sand, is mixed with liquid hardener and deposited in a thin 
layer onto a build platform. A liquid binder is subsequently 
dosed over selected areas and this binder reacts with the 
hardener, thereby causing the desired areas of the particulate 
material to solidify. After multiple repetitions of this process, 
an individually formed body can be created from the bonded 
particulate material. This body is initially embedded in the 
Surrounding, unbonded particulate material and can be 
removed from the particle bed following completion of the 
building process. 

With all the aforementioned 3D printing methods, the pro 
vision of a build container with the vertically lowerable build 
platform located within requires a high technical effort in 
respects to sealing of the chamber wall against the platform to 
prevent the particulate material from uncontrollably flowing 
out through the gap between the edge of the build platform 
and the chamber wall, otherwise the danger exists that the 
platform willjam against the chamber wall due to the possibly 
grainy particulate material. 
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2 
Another disadvantage of the lowerable build platform is 

the constantly increasing weight on the build platform to be 
moved as the building process progresses. In particular dur 
ing application of the new layer, it may be necessary to lower 
the powder bed by more than the layer thickness and then 
raise it again to the dimension required in order to adjust the 
layer thickness with Sufficient accuracy. In the case of Such a 
revolving operation, not only the total weight of the powder 
feedstock including the build platform must be overcome, but 
also the frictional forces of the powder bed relating to the 
chamber walls and the seal friction between the build plat 
form and chamber wall. This results in high loads for the 
guides and drives, especially when dealing with large build 
spaces and high feedstock thicknesses of the particulate mate 
rial employed. 

In this regards it is known from the prior art of EPO 644.809 
B1 and DE 10 2006 030 350 A1 of a method whereby the 
particle bed is not lowered relatively to the worktable, but 
rather the coating apparatus and the print head used for apply 
ing the particulate material and binder are raised relative to 
the particle bed. Thus it is known from the prior art that a 
coater for particulate material and a print head are attached to 
a Support frame and thereupon arranged. 

This type of 3D printing system is preferably employed for 
manufacturing relatively large and heavy mouldings. Large 
quantities of particulate material are needed for Such systems 
and if the system is preloaded with this material, then it loads 
the support frame with heavy additional weight, at least at the 
beginning of the process. The big advantages of the system 
for vertically moving constant loads would be lost in this 
scenario. Therefore, the particulate material is preferably sta 
tionary, stored next to the system, and then Supplied to the 
coating apparatus. However, a difficulty arises concerning 
how to convey the particulate material to the level of the 
coating apparatus, which is constantly changing during the 
building process. The methods used by other 3D printing 
systems to convey particulate material are not suitable for this 
purpose. 

For example, it is suggested in DE 201 07 262 U1 to use a 
spiral conveyor to move particulate material from a large 
system-external storage silo and Supply it to a smaller storage 
silo situated in the 3D printing system itself. However, spiral 
conveyors require relatively large turning radii when negoti 
ating changes in direction and only permit Small elastic defor 
mations when in operation. That is why the conveyor line can 
be relatively long (depending on the system size). This results 
in large quantities of particulate material that are required to 
“prime' the conveyor line before the material arrives at the 
coater. If it is necessary to switch to a different particulate 
material, then this material must be reconveyed back to the 
storage silo. 

If, for example, the particulate material is mixed with the 
liquid hardening components prior to the printing order run 
and the moisture content of this mixture must be maintained 
as uniform as possible, then a spiral conveyor is eliminated as 
an option due to the fact that conveying spirals generate 
frictional heat during operation and this heat, in conjunction 
with the large air Volumes in the system plus constant turning 
over of the particulate material Surface, dries out the particu 
late material. Moreover, curved spiral conveyor Systems are 
not able to convey material lying external to their radii. The 
particulate material builds up at these areas and forms depos 
its. These deposits can grow until they precipitate out as 
clumps, which are then fed to the coater and this, in turn, tends 
to cause breakdowns. In order to prevent this, the spiral con 
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veyor must be regularly disassembled and cleaned. The time 
and cost expense of such actions increases in proportion to the 
conveyor line length. 

If, for instance, sand is used as the particulate material, then 
the service life of a spiral conveyor system will be limited due 
to the fact that the transport of sand entails friction, which 
causes the sand to be highly abrasive. Furthermore, the abra 
sion of the conveyor spiral can impact negatively on the 
process. 

If the particulate material is conveyed to the uppermost 
position and then Supplied via a drop-out to the coater, then a 
portion of the mixed-in liquid medium may evaporate. The 
flow characteristics of the particulate material mixture are 
thereby modified. Since the vertical location of the coater is 
constantly changing during the process, this means that the 
flow behaviour of the particulate material mixture is also 
constantly changing. 

Pneumatic conveyors are also ruled out for similar reasons 
since these would likewise subject the particulate material to 
high wind currents and thereby desiccate it in an uncontrolled 
way. 

Therefore, one of the objects of the invention is to provide 
both a device for the described 3D printing system and a 
method which enables Supply of adequate quantities of par 
ticulate material to the coater during object-building and in a 
fashion that is both simple and that involves the least amount 
of interaction with the atmosphere. 

This object is achieved by a device according to patent 
claim 1 and a method according to patent claim 8. 

According to the present invention, a device for manufac 
turing three-dimensional models by means of a 3D printing 
process is described, whereby a build platform for application 
of build material is provided and a Support frame is arranged 
around the build platform, to which said support frame at least 
one device for dosing the particulate material and one device 
for bonding the particulate material is attached via the guid 
ing elements, and the Support frame is moveable in a Z direc 
tion, which essentially means perpendicular to the base Sur 
face of the build platform. In so doing, the device according to 
the invention provides a material feeding device having a 
particle material container to Supply particulate material in 
batches from the storage area to the dosing apparatus and to 
do so with the least possible amount of shearing forces and 
without significant interaction with the atmosphere. 
One example of a device that can be used for bonding 

particulate material is a print head for dosing liquid droplets. 
When brought in contact with the particulate material, the 
liquid leads to locally confined bonding. 

During the course of conveyance in batches of particulate 
material from a stationary silo to the dosing apparatus, the 
particulate material container of the device according to the 
invention has a certain return mechanism. According to a 
preferred embodiment of the invention, a batch contains less 
particulate material than is required for depositing all layers 
on the build platform. In such an embodiment of the inven 
tion, it is possible to reduce the weight of the coater. 

Preferably, one batch should be sufficient to depositat least 
one layer of particulate material to the build platform. In such 
an embodiment, the build process must not be interrupted 
until application of one particle layer is complete and this 
enables Such to be implemented very accurately. 

In particular, if the particular material container of the 
device according to the invention is vertically moveable, then 
filling of the coater can be carried out easily and without 
either loss or unnecessarily high air introduction. 
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If the particulate material container is moveable in the 

horizontal direction and/or pivotable, then it is feasible to fill 
the coater in various horizontal positions. 

According to one particularly preferred embodiment of the 
present invention, the means for Supplying has a chain trough 
conveyor and/or a conveyor belt. 
The aforementioned object of the present invention is addi 

tionally achieved by provision of a method for manufacturing 
three-dimensional models using a 3D printing process com 
prising the following steps: 

a) Depositing of one layer of particulate material from a 
dosing unit onto a stationary build platform; 

b) Selective solidification of the particulate material by 
means of a bonding unit in accordance with one of the 
cross-sections corresponding to the model being manu 
factured; 

c) Elevation of the dosing unit and, if required, the bonding 
unit by one particle layer thickness; 

d) Repetition of steps a) to c) until the completed model is 
achieved. 

During the manufacturing process according to the inven 
tion, the particulate material is refilled into the height-vari 
able dosing device via Supply of particulate material from the 
storage area in batches to the dosing apparatus by means of a 
material feeding device with a particle material container. 

According to a preferred embodiment of the invention, the 
particulate material is mixed with a liquid medium prior to the 
layer-by-layer processing. Mixing of the entire amount of 
particulate material required for the process can take place in 
a mixing device prior to introduction into the process. The 
material would be supplied from a stationary silo, the storage 
area, in batches to the coating apparatus depending on the 
process progress. This procedure has the advantage that the 
mixing device is not contained within the process chain and 
therefore a malfunction thereof does not directly affect the 
process flow. On the other hand, the particulate material must 
be elaborately protected from separation or volatilisation of 
the liquid medium. 

For this reason, the material mixture is advantageously 
manufactured with a mixer during the running process. Batch 
mixers are preferentially suited for this purpose. The mixer is 
Supplied with particulate material as required, e.g. via a pneu 
matic conveyor line. The mixer weighs the particulate mate 
rial in a prespecified quantity in the mixing chamber and adds 
the liquid hardening medium as per the selected recipe. After 
a specified mixing time, the material mixture is transported to 
a storage container. The storage container has e.g. filling level 
sensors which, iflower than a certain set point, indicate to the 
mixer control to make up the next batch of particulate mate 
rial mixture. The storage container additionally has an e.g. 
pneumatically actuated flap to use for emptying thereof. 

This is opened when the conveying crucible is situated 
under the flap. In this case, the material mixture flows under 
gravity into the conveying crucible. The filling height is deter 
mined by e.g. an arrangement that seals on top of material 
cones. The conveying crucible is then transported by means 
of a linear actuator at the required level above the coating 
apparatus. The conveying crucible is emptied there in a 
receiving container. The particulate material mixture is trans 
ported from the filling point e.g. via a spiral conveyor and 
distributed across the width of the coater. The receiving con 
tainer including the distribution mechanism can be trans 
ported transversally along with the coating apparatus. In this 
case, the coater needs to fill the receiving container and to do 
this, it must move to a defined transfer position below the 
conveying crucible. In a preferred embodiment, the receiving 
container, including the distribution mechanism, is perma 



US 9,333,709 B2 
5 

nently attached to the Support frame and can therefore only 
move vertically with it. In turn, attached to the distribution 
mechanism is a closing device that fills the coater with the 
particulate material mixture if its stock is exhausted. This has 
the advantage that the quantity of particulate material mixture 
that travels along with the coater is relatively small and there 
fore it exerts very small dynamic loads upon the Support 
frame. 
The material feeding device may have a feeding location 

for receiving the particulate material and a discharge location 
for discharging the particulate material. The feeding location 
may be positioned at a fixed location, such as underneath a 
stationary storage silo. The discharge location may be posi 
tioned at a location above a receiving container attached to a 
build frame. The discharge location may moves in the Z-di 
rection as the build frame moves. For example, the material 
feeding device may have an angle of incline which adjusts as 
the build frame moves in the Z-direction. 

The coater can Subsequently apply a thin layer of particu 
late material mixture onto a vertically positioned build plane. 
Next comes the bonding step e.g. with the aid of a print head 
that doses a liquid, via individually controlled noZZles, onto 
an area that corresponds to one of the cross-sections of the 
body being built. This liquid reacts with the particulate mate 
rial mixture and bonds the particle in the desired area and/or 
results in additional bonding with the particulate material 
mixture layer possibly situated directly below it. After this, 
the Support frame is elevated by a unit equal to the thickness 
of the layer currently being processed, a new layer is applied 
and then bonded according to the new cross-section data. The 
sequential, process consisting of lifting, layer application and 
bonding will be repeated until the desired body is completed. 

During this process, the coater travels multiple times to the 
receiving container to fill with fresh particulate material mix 
ture that was prepared in several individual batches in the 
mixer and Supplied to the receiving container via the con 
veyor line. As the process advances, the height of the struc 
tural body increases. While doing so, the vertical position of 
the Support frame changes and consequently also the position 
of the receiving container. Correspondingly, the transfer posi 
tion of the conveying crucible in the receiving container 
migrates upward in the vertical direction. 

Lastly, the non-bonded particulate material is removed. To 
do this, the build plane is moved to a side and out of the device 
and another build plane is possibly moved into the device on 
the opposite side, so that the build process can be restarted 
while the previous structural body is freed from surrounding 
particulate material. 

For the purpose of more detailed explanation, the invention 
is described in further detail below on the basis of preferred 
embodiments with reference to the drawing. 

IN THE DRAWINGS 

FIG. 1 A spatial representation of one preferred embodi 
ment of the present invention; 

FIG. 2 a) to c) A side view of the device during various 
filling process steps during the build process; 

FIGS. 3 a) and b) Filling process steps at various filling 
heights of the Support frame; 

FIG. 4 A side-view representation of another device 
according to the invention with trough conveyor and close 
able troughs; and 

FIG. 5 A side-view representation of another device 
according to the invention with trough conveyor and roofed 
over conveyor belt. 
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6 
FIG. 1 shows an isometric view as an application example 

of a device that can be used to manufacture 3D models. In 
addition to other features, this displayed preferred device has 
a support frame (1) that is moveable in the vertical direction 
and/or in the X direction by means of positioning units (5). 
The support frame (1) carries the particle doser or coater 

(3) and the bonding unit, for example, a print head (4). The 
coater (3) and print head (4) can be moved over the length of 
the support frame (1). The space within the support frame (1) 
is the build space in which the models are built. The coater 
unit (3) and bonding unit (4) can access the entire build space. 
The coater (3) is retained in its park position when the 

bonding unit (4) is located within a collision-endangering 
vicinity. When the coater (3) is located in park position, it can 
be filled with particulate material. 

In a preferred embodiment of the invention, the coater (3) 
only carries enough particulate material for safely applying 
one layer of the build process. With such an embodiment, the 
coater (3) is reloaded after every applied layer with the appro 
priate particle quantity. 
When depositing the next layer, the first step involves 

elevating the Support frame (1) by one layer thickness in the 
vertical direction. When doing so, this also changes the refill 
ing position of the coater (3). 

FIG. 1 shows the refilling device for the coater (3) accord 
ing to one preferred embodiment. As means for Supplying, the 
refining device has a lifting device (6), a conveying crucible 
(7) and a receiving container (8) as well as a storage area, 
respectively, a silo/mixer unit (9). 

According to the invention, process-ready material can be 
dispensed at the outlet of the silo/mixer unit (9). In the pre 
ferred embodiment according to the invention shown in FIG. 
2a, a vertically moveable lifting unit (6) brings a conveying 
crucible (7) under the outlet of the silo/mixer unit (9). After 
the conveying crucible (7) is filled, it is brought to the current 
height level of the support frame. Then it can be emptied into 
receiving container (8). 

During transport of the particulate material, it continually 
comes in contact with the atmosphere, that is, with the oxygen 
of the air. The contact Is essentially limited to the surface. If 
stricter demands need to be met in regards to the particulate 
material being used, then the conveying crucible (7) can be 
implemented as a closeable unit. In this context, it is likewise 
possible to additionally create artificial atmospheres in con 
veying crucible (7). 
The travel time to the vertical height level at the given build 

heights can be neglected as long as the vapour pressure of the 
fluid applied over the particulate material is moderate. 

Since the transport crucible (7) is small and always filled 
right away, no changes to the bulk material as a result of 
bonding/solidifications are anticipated. If bulk materials are 
used that exhibit such behaviour, then the process can be 
ideally adjusted to such because the behaviour is always the 
same due to the constant filling height. 

After the material arrives in the receiving container (8), it is 
distributed over the length of the coater (3). Spiral conveyors 
can be used here. These are implemented with lengths that are 
just long enough to enable uniform filling of the entire coater 
(3) with particulate material. Selection of short spiral convey 
ors ensures that the particulate material is not negatively 
affected. 

Depending on the build process, it may prove necessary to 
transport various particulate materials in the coater (3). For 
Such purposes, the conveying crucible (7) can be alternatively 
provided with different materials from several silos/mixer 
units (9). 
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Interms of material transport, it is conceivable that systems 
with several conveying crucibles could be used, for example, 
chain trough conveyors or conveyor belts. 

According to the preferred embodiment shown in FIGS. 1 
and 2, the silo/mixer unit (9) has a low build height and the 
outlet is located considerably below the uppermost filling 
position. The conveying crucible is therefore not only verti 
cally moveable, but additionally moveable in a second direc 
tion, horizontally. 

Anarrangement may also be provided that a silo/mixer unit 
(9) is suspended above the uppermost filling position. If such 
is done, then an additional movement direction is dispensed 
with. The conveying crucible (7) then brings the particulate 
material down to the receiving container (8). As with the 
previously described arrangement, it is likewise safeguarded 
against free fall and the atmosphere. 

Both preferred embodiments also protect the support frame 
(1) from jolts due to powder material failing from great 
heights. It is easy to take-Support frame (1) design consider 
ations into account since the low "fall height” remains con 
Stant. 

Equally preferable are embodiments in which multiple 
refilling devices are employed. These may prove necessary if 
material requirements increase. 

According to the invention, other transport mechanisms 
can also be used that enable variable filling heights of the 
coater, operate batch-wise and thereby only create low free 
fall heights. 

FIG. 3 depicts the filling process at various vertical loca 
tions of the support frame. FIG.2 shows the filling process by 
itself. With reference to FIG. 2a, a material feeding device 
may have a feeding location 16 for receiving particulate mate 
rial. The feeding location 16 in FIG. 2a is a fixed position 
beneath the silo 9. With reference to FIG. 2C, a material 
feeding device may have a discharge location 17 for discharg 
ing particulate material. The discharge location 17 is above 
the receiving container 8. With reference to FIGS. 3a and 3b, 
the discharge location 17, 17" is movable at least in the Z-di 
rection from a first position 17 to a second position 17". 

FIG. 4 shows a device according to the invention that 
utilises a trough chain conveyor as a Supply means. In this 
case, several troughs (10) are attached to a chain (11). They 
are filled at the silo/mixer unit and then emptied at the coater. 
Depending on the particulate material, the covers (12) can be 
used again to protect against vaporisation and/or oxidation. 
Depending on the process status of the production system, it 
is possible to have a control unit intermittently switch on the 
motors (13) of the drive chain. 
As shown in FIG. 5, it may be equally preferable to use a 

conveyor belt (14) as a Supply means in terms of material 
transport. The particulate material is preferably transported 
close to the enclosing walls/barriers (15) in order to minimize 
atmospheric contact. Frictional effects are also present here, 
however, they are low compared to those associated with 
spiral conveyors. Here it is also possible to have a control unit 
intermittently switch on the motors (13) of the drive chain, 
depending on the process status of the production system. 

With reference to FIGS. 4 and 5, the material feeding 
device (e.g., trough chain conveyor or belt conveyor) may 
have an angle of incline 19. For example, the trough 10 and 
chain 11 of a trough chain conveyor or a conveyor belt 14 may 
move at the angle of incline 19. The material feeding device 
has a feeding location 16 at a fixed position underneath the 
silo. The material feeding device has a discharge location 17 
at a position above the receiving container. As the receiving 
container moves in the Z direction 18, the position of the 
discharge location 17 moves at least in the Z direction. As 
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8 
shown in FIGS. 4 and 5, the angle of incline 19 changes as the 
receiving container moves in the Z direction. 

DESIGNATION LIST 

1 Support frame 
2 Positioning units in X direction 
3 Coater 
4 Print head 
5 Positioning unit in Z direction 
6 Lifting device 
7 Conveying crucible 
8 Receiving container 
9 Silo/mixer unit 
10 Troughs 
11 Chain 
12 Cover 
13 Motors 
14 Conveyor belt 
15 Barriers 
16 Feeding Location 
17, 17 Discharge Location 
18Z-direction 
19 Incline angle 

The invention claimed is: 
1. An apparatus for manufacturing three-dimensional mod 

els by means of a 3D printing process comprising: 
a build platform having a base surface for application of a 

build material including a particulate material and a 
liquid material; 

a support frame arranged around the build platform having 
guiding elements, to which said Support frame is 
attached: 
i) at least one coater device for dosing the particulate 

material onto the build platform; 
ii) a receiving container for receiving the particulate 

material and for filling the coater device with the 
particulate material; and 

iii) a print head device for printing the liquid material 
using individually controlled nozzles for bonding the 
particulate material; 

at least two vertical positioning units for moving the Sup 
port frame in a Z direction perpendicular to the base 
surface of the build platform: 

a stationary material storage device for storing the particu 
late material, and 

a material feeding device for Supplying the particulate 
material in batches from the material storage device to 
the receiving container with the least possible amount of 
shearing forces to the particulate material and without 
significant Interaction of the particulate material with 
atmosphere; 

wherein the coater device and the print head are attached to 
the Support frame via the guiding elements; and 

wherein the coating device, the print head and the receiving 
container move in the Z direction with the movement of 
the Support frame; 

wherein the material feeding device has a fixed feeding 
location positioned below the stationary material stor 
age device and a discharge location positioned above the 
receiving container and movable in at least the Z direc 
tion with an incline angle that adjusts as the build frame 
moves vertically: 

wherein the material feeding device includes an incline 
angle that adjusts as the build frame moves vertically, or 
the material feeding device includes a lifting device 
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having a linear actuator that moves a conveying crucible 
to a height that adjusts as the build frame moves verti 
cally. 

2. The apparatus according to claim 1, wherein each of the 
batches contains less particulate material than is required for 
depositing all layers on the build platform. 

3. The apparatus according to claim 1, wherein one batch is 
Sufficient to depositat least one layer of particulate material to 
the build platform. 

4. The apparatus according to claim 1, wherein the material 
feeding device includes a conveying crucible for moving the 
particulate material vertically. 

5. The apparatus according to claim 1, wherein the material 
feeding device includes a chain trough conveyor for moving 
the particulate material vertically. 

6. The apparatus according to claim 1, wherein the material 
feeding device has a conveyor bet for moving the particulate 
material vertically. 

7. The apparatus according to claim 4, wherein the convey 
ing crucible has a cover. 

8. The apparatus according to claim2, wherein one batch is 
Sufficient to depositat least one layer of particulate material to 
the build platform. 

9. The apparatus according to claim 2, wherein the material 
feeding device includes a conveying crucible for moving the 
particulate material vertically. 

10. The apparatus according to claim 8, wherein the mate 
rial feeding device includes a conveying crucible for moving 
the particulate material vertically. 

11. The apparatus according to claim 2, wherein the mate 
rial feeding device includes a chain trough conveyor for mov 
ing the particulate material vertically. 

12. The apparatus according to claim 10, wherein the mate 
rial feeding device includes a chain trough conveyor for mov 
ing the particulate material vertically. 

13. The apparatus according to claim 2, wherein the mate 
rial feeding device has a conveyor belt for moving the par 
ticulate material vertically. 

14. The apparatus according to claim 8, wherein the mate 
rial feeding device has a conveyor bet for moving the particu 
late material vertically. 

15. The apparatus according to claim 1, wherein the appa 
ratus includes a spiral conveyor for distributing the particulate 
material across the width of the coater device. 

16. The apparatus according to claim 1, wherein the appa 
ratus includes a mixing device for mixing the particulate 
material with a liquid medium prior to being transported by 
the material feeding device. 

17. The apparatus according to claim 1, wherein the receiv 
ing device is permanently attached to the Support frame so 
that the receiving container only moves in the vertical direc 
tion. 
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18. The apparatus of claim 8, wherein 
i) the apparatus includes a spiral conveyor for distributing 

the particulate material across the width of the coater 
device; and 

ii) the apparatus includes a mixing device for mixing the 
particulate material with a liquid medium prior to being 
transported by the material feeding device; and 

iii) the receiving device is permanently attached to the 
Support frame so that the receiving container only moves 
in the vertical direction. 

19. An apparatus for manufacturing three-dimensional 
models by means of a 3D printing process comprising: 

a build platform having a base surface for application of a 
build material including a particulate material and a 
liquid material; 

a Support frame arranged around the build platform having 
guiding elements, to which said Support frame is 
attached: 
i) at least one coater device for dosing the particulate 

material onto the build platform; 
ii) a receiving container for receiving the particulate 

material and for filling the coater device with the 
particulate material; and 

iii) a print head device for printing the liquid material 
using individually controlled nozzles for bonding the 
particulate material; 

at least two vertical positioning units for moving the Sup 
port frame in a Z direction perpendicular to the base 
surface of the build platform: 

a stationary material storage device for storing the particu 
late material, and 

a material feeding device for Supplying the particulate 
material in batches from the material storage device to 
the receiving container, wherein the material feeding 
device has a fixed feeding location positioned below the 
stationary material storage device, and a discharge loca 
tion positioned above the receiving container and mov 
able in at least the Z direction with an incline angle that 
adjusts as the build frame moves vertically: 

wherein the coater device and the print head are attached to 
the Support frame via the guiding elements; 

wherein the coating device, the print head and the receiving 
container move in the Z direction with the movement of 
the Support frame; and 

wherein the material feeding device includes 
i.a conveying crucible for moving the particulate mate 

rial vertically and a lifting device having a linear 
actuator that moves the conveying crucible to a height 
that adjusts as the build frame moves vertically; or 

ii. a chain trough conveyor for moving the particulate 
material vertically and includes an incline angle that 
adjusts as the build frame moves vertically; or 

iii. a conveyor belt for moving the particulate material 
Vertically and includes an incline angle that adjusts as 
the build frame moves vertically. 

k k k k k 
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